Introduction
============

With better understanding of the differences between genders in the anatomy of the distal femur and the proximal tibia, the use of gender-specific implants in total knee arthroplasty (TKA) has been addressed in many studies. Gender-specific femoral implants are shaped narrower mediolaterally than the traditional ones to better fit the anatomy of the female knee joint, thus reducing the risk of overhang. The presence of overhang can be identified intraoperatively by measuring the mediolateral (ML) width and the anteroposterior (AP) diameter of the distal femur and has been known to be associated with the aspect ratio (AR, ML/AP ratio)[@B1],[@B2].

Posterior condylar offset (PCO) has been used as a term to describe the distance from the femoral diaphysis posterior cortex to the posterior condylar margin and the concept of posterior condylar off set ratio (PCOR), the ratio of PCO to the maximum AP diameter of the distal femur, has been suggested[@B3],[@B4]. PCO and PCOR can be measured with ease on plain lateral radiographs before surgery. Therefore, we thought if an association with overhang was observed, PCO and PCOR would be useful predictive factors for overhang before surgery. In this study, we investigated whether the PCO or PCOR could be used as predictive factors for overhang or the use of a gender-specific implant. Our hypothesis was that the PCO and PCOR are positively correlated with the AP diameter and are negatively correlated with the AR.

Materials and Methods
=====================

A total of 101 female patients (147 cases) who underwent total knee arthroplasty (TKA) using Nexgen PS implants (Nexgen® LPS, Zimmer, Warsaw, IN, USA) between March 2008 and February 2010 were included in this prospective study. Their mean age was 69.8 years (range, 59 to 86 years). Bilateral TKA was performed in 35 patients. Distal femoral resection was performed using a measured resection technique in all cases. The femur was cut first and the femoral component size was determined according to the amount of resection of the posterior femoral condyle based on the AP diameter of the distal femur. The size of the component was C, D, and E in 27 (18.4%), 75 (51.0%), and 45 (30.6%) cases, respectively. After the distal femoral resection, the mediolateral (ML) width of the femur was measured at 4 points (anterior, distal anterior, distal posterior, and posterior) ([Fig. 1](#F1){ref-type="fig"}). The distal femoral osteophytes were removed to reduce measurement errors. The ML width of the femoral component measured at the same 4 points was identified in the supplier catalog ([Fig. 2](#F2){ref-type="fig"}). When the ML width of a femoral component was larger than that of the femur at least at one of the 4 points, it was considered overhang and a gender-specific implant (Nexgen® LPS-flex Gender, Zimmer, Warsaw, IN, USA) was used, if necessary. AR (ML/AP ratio) and the ratio of the anterior ML width to the distal posterior ML width (Ant/DP) were calculated according to the implant size. PCOR was obtained by dividing the PCO by the maximum AP diameter of the distal femur that were measured on plain lateral radiographs ([Fig. 3](#F3){ref-type="fig"}). The differences in PCO, PCOR, AR, and Ant/DP according to the implant size were analyzed and the relationships between PCO and PCOR and AR were assessed using the Pearson\'s correlation coefficient analysis. Overhang was observed in 11 cases (2 with size C, 2 with size D, and 7 with size E), not in the remaining 136 cases. Of the 11 overhang cases, a gender-specific implant was used in 7 cases except for the 4 minor cases. Differences between the 11 overhang cases (group I) and the remaining 136 cases (group II) in terms of PCO, PCOR, AR, and Ant/DP were statistically analyzed using the Mann-Whitney U test. Statistical significance was set at p\<0.05.

Results
=======

The preoperative PCO of the distal femur was correlated positively with the implant size, but PCOR was not related with the implant size. AR was negatively correlated with the implant size at all of the 4 points of the distal femur, especially at the anterior ([Table 1](#T1){ref-type="table"}). Ant/DP was negatively correlated with the implant size ([Table 1](#T1){ref-type="table"}). No significant correlation was found between PCO and AR and between PCOR and AR not only in all of the cases but also in each group divided according to the size of femoral component. The preoperative PCO and PCOR were not statistically different between the group I (overhang) and group II (non-overhang), but AR and Ant/DP in group I were significantly less than those in group II ([Table 2](#T2){ref-type="table"}).

Discussion
==========

The anatomical differences between males and females including the lower limb alignment and the distal femur anatomy have been the subjects of many studies. Chin et al.[@B1] and Hitt et al.[@B2] reported that the ML width of the distal femur is generally narrower in women compared to men when the AP diameter is same. Booth[@B5] suggested the need to develop new implants designed to better allow for anatomic variations. Such variations exist between genders[@B3],[@B5] and are more pronounced among the races[@B6]-[@B10].

Conley et al.[@B11] suggested the need for a gender-specific implant design based on their findings that there are anatomic differences between male and female knees regarding the Q angle, prominence of the anterior medial and anterior lateral femoral condyles, and the aspect ratio. However, Merchant et al.[@B12] reported that no gender differences were noted in the Q angle and the prominence of the anterior medial and anterior lateral femoral condyles and the difference in the aspect ratio was not clinically significant. In addition, their analysis of the literature showed that women had better results than men after TKA using traditional implants contrary to their expectation that the use of implants that do not take anatomical differences into account would produce worse results in women. MacDonald et al.[@B13] compared the clinical results and reoperation rates between males and females using the Western Ontario and McMaster Universities Osteoarthritis Index score, Short-form 12, and Knee Society clinical ratings score and found that women had better clinical results and low reoperation rates overall. In this study, we did not use gender-specific implants in most of the cases (136 of 147 cases, 92.5%) because overhang was not observed in them.

Medial or lateral overhang causes soft tissue irritation and influences the joint stability. The use of an implant smaller than the appropriate size leaves the cancellous bone exposed, which could lead to an increase in postoperative bleeding and osteolysis by polyethylene wear particle in the long-term. An overhang caused by a larger-sized implant can result in changes in the soft tissue tension and in the patellofemoral contact pressure.

Bellemans et al.[@B3] reported that PCO was positively correlated with the flexion angle in the cruciate-retaining TKA and PCOR appeared to influence the postoperative flexion angle[@B4]. Considering that PCO and PCOR are closely related to the AP diameter of the femur, we expected that PCO and PCOR that can be easily measured on preoperative radiographs would be positively correlated with the AP diameter of the femur and negatively correlated with AR (ML/AP). However, we could not find a significant correlation between them. We attributed this to the fact that the ML width had no association with PCO although the AP diameter is associated with PCO. In a knee with a small AR, the risk of overhang increases when an implant that has the same AP diameter of the femur is used because the ML width of the implant could be larger than that of the femur. Indeed, AR was significantly small in group I (cases with overhang) in our study. Ant/DP was remarkably small in group I and we attributed this to the drastic decrease in the AR at anterior, although the AR decreased at all of the 4 points. AR and Ant/DP appeared to negatively correlate with the implant size. Although significance was difficult to find due to the small number of overhang cases, we thought a correlation could be observed with large implants. AR and Ant/DP were significantly different between group I and group II, suggesting a correlation with overhang. Unfortunately, AR and Ant/DP have a limitation as a predictive factor because they can only be measured intraoperatively after distal femoral resection.

The limitation of this study is that the number of overhang cases was small, 11 (7.5%) out of 147 cases. Further studies including larger number of overhang cases would be necessary.

Conclusions
===========

PCO and PCOR that can be measured on preoperative radiographs could not be used as predictive factors for implant overhang in TKA.

![Measurements of the distal femur at 4 points -anterior (Ant), distal anterior (DA), distal posterior (DP) and posterior (Post).](ksrr-23-149-g001){#F1}

![Measurements of the femoral implant at 4 points - anterior (Ant), distal anterior (DA), distal posterior (DP) and posterior (Post).](ksrr-23-149-g002){#F2}

![Posterior condylar offset (B) and posterior condylar offset ratio (B/A) were demonstrated on the preoperative lateral radiograph.](ksrr-23-149-g003){#F3}
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Differences of PCO, PCOR, AR, and Ant/DP Accord ing to the Femoral Component Size
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PCO: posterior condylar off set, PCOR: posterior condylar off set ratio, AR: aspect ratio, Ant/DP: anterior medio-lateral width/distal posterior medio-lateral width.

###### 

Differences of PCO, PCOR, AR, and Ant/DP between Group I and Group II
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PCO: posterior condylar off set, PCOR: posterior condylar off set ratio, AR: aspect ratio, Ant/DP: anterior medio-lateral width/distal posterior medio-lateral width.

^a)^Group I: group of cases with overhang of the femoral implant.

^b)^Group II: group of cases without overhang of the femoral implant.
